§7. Conservative and dissipative biological associations (Biomathematics Kyoto Summer School) by 今井, 俊文
Title§7. Conservative and dissipative biological associations(Biomathematics Kyoto Summer School)
Author(s)今井, 俊文








\S 7. Conservative and dissipative biological associations
(Toshifumi Tmai)
Graduate School of




( $\mathrm{S}2$ No 1
, , )
(B) (D)
(E) $\frac{dN_{r}}{dt}$ $=$ $( \epsilon_{r}-\sum_{s=1}^{7\prime}p_{rs^{\backslash }}N_{s})N_{r}$ $\prime r\cdot=1,$ $\cdots,$ $N$
\epsilon r:
$p_{rs}$ :
$\epsilon_{r}$ gross growth rates, growth rates
$\epsilon_{r}-\sum_{s=1}^{n}.p_{rs}N_{\mathrm{S}}$ net growth rates
$\mathrm{N}\mathrm{o}$ . 2
\S 2 No 3
1 $i$ $\epsilon_{\mathrm{i}}>0$
$\alpha_{1},$ ($y_{2},$ $\cdots,$ $\alpha_{n}$
$F(N_{1},$ $N_{2},$ $\cdots$ , N $= \sum_{r=1}^{n}\sum_{s=1}^{n}\alpha_{r}p_{rs}N_{s}N_{r}$




$\sum_{r=1}^{n}\alpha_{r}\frac{dN_{r}}{dt}$ $=$ $\sum_{r=1}^{n}\alpha_{r}\epsilon_{r}N_{r}-F(N_{1}, N_{2}, \cdots, N_{n})$
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$N_{r}=1$ $N_{1},$ $h_{2}^{\tau},$ $\cdots$ , $N_{7}-1,$ $Nr+1,$ $\cdots$ , $N_{n}$ $F$ $n?_{r}$.
$F$ $n?_{\Gamma}|>0_{0}$
$n\mathrm{t}$; $m_{1}.,$ $m_{2},$ $\cdots,$ $n\iota_{n}|$
$\sum_{r=1}^{n}|\alpha_{r}\epsilon_{r}|<E$
$t_{1}$ $N_{r}$ $\frac{E+1}{n?}.=N$
$t_{2}>t_{1}$ $N_{1}(t_{2}),$ $N_{2}(t_{2}\rangle$ , $\cdots,$ $N_{n}(t_{2})$ $M(t_{2})$
$F(N_{1}, N_{2}, \cdots, N_{n})_{t=t_{2}}$ $=$ $\sum_{r=1}^{n},\sum_{6=1}^{n}\mathrm{C}\lambda_{r}’l?_{rs}N_{s}(t_{2})N_{r}(t_{2})$




$F(N_{1}, N_{2}, \cdots, N_{7\mathit{1}})_{t=t_{2}}$ $>$ $m_{l}l\mathrm{t}t^{2}(t_{2})$ $\cdots(i)$
,
$. \sum_{=1}^{n}\alpha_{r}\epsilon_{r}N_{r}(t_{2})$ $=$ $\alpha_{1}\in_{1}N_{1}(t_{2})+\alpha_{2}\epsilon_{2}N_{2}(t_{2})+\cdots$ +\mbox{\boldmath $\alpha$}n\epsilon 4N t2)
$\text{ }$
$EM(t_{2})$ $>$ $( \sum_{r=1}^{n}|\alpha_{r}\epsilon_{r}|)M(t_{2})$
$=$ $\{|\alpha_{1}\epsilon_{1}|+|\alpha_{2}’\epsilon_{2}|+\cdot.$ . $+|\alpha_{n}.\epsilon_{7l}.|\}M(t_{2})$
$=$ $|\alpha_{1}\epsilon_{1}|M(t_{2})+|\alpha_{2}\epsilon_{2}|M(t_{2})+\cdots+|\alpha_{n}\epsilon_{7?}.|M(t_{2})$
$\sum_{r=1}^{n}p1_{r}’\epsilon_{r}N_{r}(t_{2})$ $<$ $EM(t_{2})$ $\cdots(i^{J}i)$
$( \sum_{7=1}^{n}\alpha_{r}\frac{dN_{r}}{dt})_{t=t\cdot),\sim}$ $=$ $\sum_{1r=}^{n}\alpha_{r}\epsilon_{\gamma}N_{r}(t_{2})-F(N_{1}., N_{2}, \cdots, N_{r},.)_{t=t>}.$,
03 $\vee T_{\backslash }^{\backslash }\text{ }(.i),$ $(\mathrm{i}i)$
$( \sum_{r=1}^{n}\alpha_{r}\frac{dN_{7}}{dt}.)_{8=t\cdot)}\sim$ $<$ $\{E-n?.M(t_{2})\}M(t_{2})$
$M(t_{2}/)>N= \frac{B^{\urcorner}+1}{n\iota}$
.
$-M(t_{2})<- \frac{E^{1}+1}{n\mathrm{z}}$ . . $(i\dot{x}i)$
$\text{ }_{-\text{ }^{}arrow}$
$( \sum_{r=1}^{71}\alpha_{r}\frac{dN_{r}}{dt})_{t=t_{2}}<\{E-n\iota.M(t_{2})\}M(t_{2})<\{E-n\iota.\frac{E+1}{n\iota}\}\lambda f(t_{2})=-M(t_{2})$
. . . $(i,v)$
(iii), (it}) $( \sum_{r=1}^{7?}\alpha_{r}\frac{dN_{r}}{dt})_{t=t_{2}}<-\frac{E+1}{n?1}$
118











1 $i$ $\epsilon_{i}>0$ 1
2 $F$ $N_{1},$ $N_{2},$ $\cdots$ , $N_{n}$ . $N$
$N$ $\Delta$









$N_{\eta}$ ( , ’ 0 0)














$\frac{dn_{r}}{dt}$ $=$ $- \sum_{s=1}^{n}p_{rs}(q_{\mathrm{L}}\mathrm{Q}n_{s}\mathfrak{l}-q_{s})n_{r}$
$=$ $- \sum_{s=1}^{n}p_{rs}q_{s}(\tau?_{\mathrm{S}}.-1)n_{r}$. (44)
$\sum_{r=1}^{n}\alpha_{r}q_{7}.\frac{7t_{Y}-1}{n_{r}}.\frac{dn_{r}}{dt}$ $=$ $- \sum_{r=1}^{n}\sum_{s=1}^{n}p_{rs}\alpha_{T}q_{r}q_{s}(n_{s}-1)(7?\downarrow r-1)$
(45) $. \frac{1}{2}(p_{rs}\alpha_{r}+_{l^{y_{sr}}}\alpha_{s})=n?_{rs}.=n?\downarrow sr$
(46) $F(x_{1}, x_{2}, \cdots, x_{n})=\sum_{r=1}^{n}\sum_{s=1}^{\eta}n?_{rs}lx_{r}x_{\mathrm{S}}$
$\sum_{r=1}^{n}\alpha_{r}q_{r}(1-\frac{1}{7?\cdot r})\frac{dn_{r}}{dt}$ $=$ $- \sum_{\tau\cdot=1}^{n}\sum_{s=1}^{n}\frac{1}{2}(p_{rs}\alpha_{7}+p_{sr}\alpha_{s})q_{r}q_{S}(7?\cdot s-1)(7?_{r}.-1)$
$\sum_{r=1}^{n}\alpha_{r}q_{r}(\frac{d_{77_{r}}}{dt}.-\frac{1}{\uparrow \mathrm{z}_{r}}\frac{dn_{r}}{dt}.)$ $=$ $- \sum_{r\cdot=1}^{rl}\sum_{-\mathrm{s}=1}^{n}n\iota_{rs}.(r\iota_{r}-1)q_{r}(n_{\text{ }}.-1)q_{\mathrm{c}}\mathrm{Q}$
$x_{r}=(n_{r}-1)q_{7}$. .
$\sum_{r=1}^{n}\alpha_{r}q_{r}(\frac{dn_{r}}{dt}-\frac{d}{dt}\ln n_{r}..)$ $=$ $-. \sum_{r=1}^{n}\sum_{s=1}^{n}n?_{rs}|x_{r}x_{\mathrm{S}}$
$\oint_{0}^{t}d$
$\{$
$\frac{d}{dt}\sum_{r=1}^{n}\alpha_{r}q_{r}(n_{r}\mathfrak{l}-\ln n_{r}.)$ $=$ $-F(x_{1}, x_{2}, \cdots, x_{n})$
$(\alpha_{1}q_{1}(n_{1}-\ln n_{1})+\alpha_{2}q_{2}(n_{2}-\ln n_{2}.)+\cdots+\alpha_{n}.q_{n}(n_{n}-\ln n_{n}.))$ $=$ $- \oint_{0}^{t}.F(x_{1}, x_{2}, \cdots, x_{7l})dt$
$\alpha_{1}q[perp](n_{1}.-\ln n_{1})+\alpha_{2^{\zeta}\mathit{1}2(\eta_{2}-\ln n_{2})+}$. $\cdot.$ . $+\alpha_{n}q_{n}(n_{n}.-\ln n_{n}.)]_{0}^{f}$ $=$ $-. \int_{0}^{t}.F(x_{1}, x_{2}, \cdots, x_{n})dt$
( ) $=$ $\alpha_{1}q_{1}(\ln e^{7\iota_{1}}.-\ln n_{1})+\alpha_{2}q_{2}(1_{\mathrm{I}1}e^{n_{\underline{7}}}.-\ln n_{\mathit{2}}|)+\cdots+o_{n}’q_{n}(\ln e^{n_{\mathrm{r}r}}.-\ln n_{n}.)-C’$ $C’>0$











$-. \int_{0}^{t}.F(x_{1}, x_{2}, \cdots,x_{\mathrm{z}?})dt$
$( \frac{e^{n_{1}}}{n_{1}})^{\alpha_{1}q1}$ $( \frac{e^{n\underline{9}}}{\eta_{\mathrm{Q}\sim}})^{\alpha_{2^{(/\underline{\eta}}}}\cdots(\frac{e^{n_{n}}}{n_{n}})^{\alpha_{n}q_{1}}$
’
$e^{C’}$.
$= \exp(-\oint_{0}^{t}F(x_{1}, x_{2}, \cdot. . , x_{rl}.)dt)$
$( \frac{e^{r\iota_{1}}}{n_{1}}.)^{\alpha_{1}q1}(\frac{e^{n_{2}}}{n_{2}}.)^{\alpha_{2}q_{2}}\cdots(\frac{e^{n_{\eta}}}{n_{r\prime}}.$
.
$)^{\mathrm{o}_{n}q_{n}}$ $=$ $C \exp(-\int_{0}^{t}.F(x_{1},x_{2}, \cdots,x_{n}..)dt)$
$q_{1},$ $q_{2},$ $\cdots,$ $q_{7t}$.















No 2 2) )
$F$




\S 6, No 2 \Delta (47) $F$
‘ ‘ measure”
$F:\mathrm{f}\mathrm{u}\mathrm{n}\mathrm{d}\mathrm{a}\mathrm{m}\mathrm{e}\mathrm{n}\mathrm{t}\mathrm{a}\mathrm{l}$ form ( )









. $p_{sg}=- \frac{\alpha_{g}}{\alpha_{s}}p_{gs}$ , $p_{gr}=- \frac{\alpha_{r}}{\alpha_{g}}p_{rg}$
$p_{rs}p_{sgPgr}$ $=$ $-p_{srPgs}p_{rg}$




(46) $F(x_{1}, x_{2}, \cdots.x_{\eta}.)=0$ $\Rightarrow$ (48) $p_{rs}p_{sg}p_{gr}.+p_{sr}p_{gs}p_{rg}=0$
$p_{rr}=0$
$p_{rs}$ $p_{\triangleleft r}.-$




$(- \frac{p_{rs}}{p_{sr}})=(-\frac{p_{rg}}{p_{gr}})$ : $(- \frac{p_{sg}^{t}}{p_{gs}})$








w $\frac{w_{\dot{s}}}{\iota v_{sg}}$ d
$u1_{rg}= \frac{\alpha_{g}}{a_{r}^{J}}$











$=$ $- \sum_{\text{ }=1}^{\mathit{7}\iota}p_{rs}q_{R}.(1+\nu_{\text{ }}-1)(1+lJ_{\mathcal{T}})$
$\frac{d\iota\nearrow r}{dt}$ $=$ $- \sum_{-,S--- 1}^{n}p_{rs}q_{s}\nu_{s}-l\prime_{r}\sum_{s=1}^{n}p_{rs}q_{s}\nu_{\mathrm{S}}$
$\nu$ 2
(49) $\frac{d\nu_{7}}{dt}$ $=$ $- \sum_{s=1}^{n}$ p7.sqs
$4–\gamma_{r}e^{\dot{x}t}$
.
$(49’)$ $\gamma_{r}x+\sum_{\text{ }=1}^{n}\gamma_{/rs}q_{arrow \mathrm{Q}}\gamma_{s}^{J}=0$
$\{$
$p_{11}$ $\frac{x}{q_{l}}$ $p_{12}$














(50). $|\begin{array}{llll}p_{11}+\frac{x}{q_{1}}’ p_{1_{\sim}^{q}} p_{1\tau l}p_{21} p_{22}+\frac{x}{q_{1}} p_{2n}\vdots \vdots \ddots \vdots p_{n1} p_{rl\cdot 2} p_{nn}.+\frac{x}{q_{1}},’\end{array}|=0$
$x=x’+?,\cdot x’’$ , $x’-ix’$’
(2 r’ $+i\gamma_{r}’’$) $e^{(x’+j.x’’)t}’.$ , $(\gamma_{r}’-i\gamma_{r}’’)e^{(x’-ix’’)t}$ $r=1,$ $\cdots$ ,
(49’)
$( \gamma_{r}’\pm i\gamma_{r}’’)e^{(x’\pm ix’’)t}(x^{/}\pm ix’’)+.\sum_{s=1}p_{7\mathrm{S}}q_{s}(\gamma_{s}’\pm i\gamma_{s}’’)e^{\{x’\pm jx^{J’})t}$
$=$ 0
$\{\gamma_{r}’x’-\gamma_{r}’’x’’\pm i(\gamma_{7}’’.x’+\gamma_{r}’x’’)\}(\cos x’’ t\pm i\sin x’’t)$
$+ \sum p_{7S}q_{S}(\gamma_{s}’\pm i\gamma_{s}’’)(\cos x’’t\pm\cdot i\sin x’’ t)$ $=$ 0
$( \gamma_{r}’x’-\gamma_{\mathrm{r}}’’.x’’)\cos x’’t-(\gamma_{r}’’x’+\gamma_{r}’x’’)\sin x’’t+\sum_{s=1}^{n}p_{rs}q_{6}.\gamma_{s}’\cos x’’t-\sum_{s=1}^{n}p_{rs}q_{s}\gamma_{\mathrm{q}}’’.\sin x’’t$ $=0$
$\{(\gamma_{r}’x’-\gamma_{r}’’x’’)+\sum_{s=1}^{\prime\{}p_{rs}c_{\mathit{1}s}\gamma_{s}’\}c\mathrm{o}\mathrm{s}x’’t+\{$
$-( \gamma_{r}’’x’+\gamma_{r}^{J}x’’)-\sum_{s=1}^{\mathcal{T}t}p_{r^{\mathrm{Q}}}.q_{s}\gamma_{s}’’\}\sin x’’t$ $=0$
$( \gamma_{r}’x’-\gamma_{r}’’ x’’)\sin x’’t+(\gamma_{r}’’x’+\gamma_{r}’x’’)\cos x’’t+\sum_{s=1}^{n}p_{rs}q_{9}\mathrm{L}\gamma_{s}’\sin x’’t-\sum_{s=1}^{n}p_{rs}q_{s}\gamma_{\mathit{8}}’’$ c.os $x” t$ $=$ $0$








$( \gamma_{r}’’x^{J}.+\gamma_{r}^{\prime’\prime}x)+(\gamma_{r}’x’-\gamma_{\gamma}’’x’’)+\sum_{\sum_{\text{ }=1}^{n}}sn.\cdot p_{rs}=1q_{s}\gamma_{s}’p_{rs}q_{s}\gamma_{s}’’$
-( $\gamma$
( $\gamma_{r}’$ rx/’x,’-+\gamma \gamma r’’r/xx,,’)/)+-\Sigma \Sigma ns\check r=Q’=llpprrsqqss\gamma \gamma s’ 0
.$\cdot$.124
$(( \gamma_{r}’.x’-\gamma_{r}’’ x’’)+\sum_{s=1}^{rl}p_{r\text{ }}q_{s}\gamma_{s)^{2}+}’((\gamma_{r}’’x’+\gamma_{r}’x’’)+\sum_{s=1}^{n}p_{7S}.q_{s}\gamma_{s)^{2}}’$ $=$ 0
$(( \gamma_{r}’)^{2}+(\gamma_{r}’’)^{2})(x’)^{2}+2(\gamma_{r}’x’\sum_{s=1}^{n}p_{rs}q_{s}\gamma_{s}’+\gamma_{r}’’x’\sum_{s=1}^{n}p_{r\text{ }}q_{s}\gamma_{\mathrm{S})}’’$
$.+ \{(\gamma_{r}’’x’’.-\sum_{s=1}^{\mathfrak{n}}p_{rs}c]_{S}\gamma_{s)^{2}+}’(\gamma_{r}’x^{\prime/}+\sum_{\mathrm{s}=1}^{n}p_{rs}q_{\text{ }}\gamma_{s)^{2}}’’\}$ $=$ 0
$\alpha_{r}q_{r}$ H
$\sum_{r=1}^{r}‘\alpha_{r}q_{r}((\gamma_{r}’)^{2}+(\gamma_{r}’’)^{2})(x’)^{2}+2\{F(q_{1}\gamma_{1}’, \cdots, c]_{n}\gamma_{\tau?}’)+F(q_{1}\gamma_{1}’’, \cdots, q_{n}.\gamma_{n}’’)\}x$
’
$+. \sum_{rl=1}^{n}\alpha_{r}q_{r}\{(\gamma_{r}’’x’’-\sum_{s=1}^{n}p_{rs}q_{s}\gamma_{s}’)^{2}+(\gamma_{r}’x’’+\sum_{s=1}^{n}p_{rs}q_{s}\gamma_{6^{\backslash }}’’)^{2}\}=0$
. $\cdot$ . $x’<0$
$\mathrm{N}\mathrm{o}$ . 6
\S 2, No.l
H $\alpha_{r}$ ( )
$V= \sum_{1\prime=1}^{n}\alpha_{r}N_{r}$
(\S 2 $\mathit{0}’$ $V$ )
























$p_{rs}$ $p_{sr}$ , $p_{rr}=0$
(48) ( ) $p_{r\cdot r}$
\S 6
